PART I. EXAMINATION OF NORMAL AND SYPHILITIC SERA Since the introduction of a serological test for syphilis by Wassermann, Neisser, and Bruck (1906) , an immense amount of work has been carried out to improve tests for the detection of " reagin" in the sera of patients with syphilis. The relationship of reagin to the T. pallidum is still not settled with certainty and, although tests for the detection of this substance have reached a high degree of specificity and sensitivity, the need for a practical test which would demonstrate antibodies clearly directed against the causative organism of syphilis has long been felt. The existence of such antibodies has been known for a long time, as early as 1912 Touraine described a method for demonstrating the agglutination of T. pallidum by syphilitic serum (Touraine, 1912) . Other methods, such as those described by Turner (1939) , have needed the use of animals for the demonstration of protective antibodies against T. pallidum and are therefore not suitable for routine laboratory use. The reports by Nelson (1948) , and Nelson and Mayer (1949) of a relatively simple technique by which a treponemal immobilizing antibody, clearly distinct from reagin, could be demonstrated in syphilitic sera aroused great interest. The preliminary work suggested that the test was highly specific, reactions only being given by sera from patients with syphilis and other closely allied treponematoses (yaws, bejel, pinta) .
In a paper on; he techniques of measurement of immobilizing antibody, Nelson and Diesendruck (1951) laid down certain criteria of positivity. Sera which, under test conditions (at a final dilution of 1 in 10, incubation at 350 C. for 18 hrs) gave 0 to 19 per cent. specific immobilization (S.I.) were classed as negative, from 20 to 49 per cent. S.I. as doubtful, and 50 per cent. or more S.I. as positive. These limits were set from practical experience with the test (Nelson, personal communication) and the data on which they were based were not published. They * Received for publication May 28, 19'4. have been widely accepted by other workers, although Magnuson and Thompson (1949) have used 30 per cent. as the upper limit of the negative zone and 40 per cent. as the lower limit of the positive zone. In the majority of published reports more attention has been paid to the behaviour of the Treponemal Immobilization Test (T.P.I.) in cases of known or presumed syphilis than to its results in normal sera. In the present study an attempt has been made to assess the criteria of negativity by the examination of non-syphilitic sera and to confirm the findings of other workers on the prevalence of immobilizins at various stages of syphilis and thus to examine the utility of the test as a diagnostic aid for the specialist serological laboratory. Some workers (Olansky, Harris, and Hill, 1953 ; Saurino, 1953) have expressed dissatisfaction with the reproducibility of the T.P.I. Because reproducibility is as important as specificity in the evaluation of any serological test, an attempt has been made to assess it in the present work.
Source and Nature of Sera Examined.-The sera examined came from two sources:
(a) Department of Venereal Diseases, London Hospital (Clinic Sera).-These included:
(i) 359 sera from presumed non-syphilitic patients, (ii) 309 sera from patients at various stages of syphi- (ii) 99 sera from patients with signs or symptoms which might be attributable to syphilis but in whom the S.T.S. were negative or only weakly positive (Exclusion group). (iii) 42 sera from patients with a history or present evidence of syphilis in whom the S.T.S. were positive (Confirmatory group). (iv) 30 miscellaneous sera from patients with conditions thought to give chronic non-specific reactions with the S.T.S. (e.g. leprosy, lupus erythematosus, and haemolytic anaemia).
Technique.-Only minor modifications were introduced into the original method.
Glassware.-For distribution of sera and complement, graduated pipettes were replaced by dropping pipettes calibrated so that one drop is equivalent to G-05 ml. These are easy to operate and far easier to clean than fine-bore graduated pipettes. The test was carried out in tubes measuring 10 x 1 cm., closed by loosely fitting aluminium caps. The extraction flask is similar to that described by Sausse (1951) Preparation of Inoculum.-The method described by Durel and others (1953) Nine patients known to be sero-negative with the S.T.S. at the time of the original diagnosis were all T.P.I. negative; in thirteen, who were initially sero-positive with the S.T.S. before treatment, the T.P.I. was positive in five and doubtful in two. The original S.T.S. findings at the time of diagnosis of the remaining fourteen patients were not known. Of the group of six patients with a positive T.P.I., in two, whose S.T.S. were negative, the infections dated from 13 and 21 years previously, in two whose S.T.S. were only positive with the more sensitive tests (Cardiolipin Wassermann Reaction, and Kahn), the diagnosis had been made 9 years previously. In the remaining two patients, whose S.T.S. were positive and one of whom had developed neurosyphilis, the original infections were 6 and 11 years old.
(b) Secondary.-Three patients with untreated secondary syphilis all had positive T.P.I. tests. Seventeen patients who had been treated gave the following results:
Sera from eight patients were examined within 5 years after treatment; the T.P.I. was positive in six, doubtful in one, and negative in one. The other nine sera were examined 6 to 22 years after treatment, and five were positive and four negative with the T.P.l. It will be seen that in twenty sera the T.P.I. remained positive after the S.T.S. had reversed to negative, while in 65 sera both tests were positive (in one the T.P.I. was doubtful).
Five patients showed a negative T.P.I. with positive S.T.S. All were female, and in four the original diagnosis had been made on the basis of positive S.T.S. found in pregnancy. One patient was subsequently proved to have disseminated lupus erythematosus. In four other patients both the S.T.S. and the T.P.I. were negative; it was noted that all four had rapidly become sero-negative after the institution of treatment, suggesting either that their infections were of recent origin, or that possibly the S.T.S. had originally given transient non-specific reactions.
It was noted that, taking the treated and untreated patients with presumed latent syphilis together, the seven patients who showed negative T.P.I. tests with positive S.T.S. were all women. An analysis of the whole group showed that 65 sera came from males and eighty from females. The preponderance of females is only partly accounted for by the effect of routine antenatal serum tests in revealing presumed latent syphilis; 27 of the eighty females first came under observation through this means.
Syphilis of Unknown Status.-Sera were examined from fourteen patients in whom the original stage of the disease at which treatment had been begun was unknown. Both S.T.S. and T.P.I. were positive in two and negative in seven. The S.T.S. were negative in four patients, three of whom had a positive and one a doubtful T.P.I. In the remaining case, which has been reported elsewhere (Wilkinson, 1954) , the T.P.I. was negative while the S.T.S. showed strongly positive but anomalous reactions. were negative on the specimens tested, although they had given positive results on previous specimens from these patients). The figure of 32-2 per cent. is slightly exaggerated, since repeat tests were carried out on sera from eight patients in whom the S.T.S. were positive and the T.P.I. negative; in each case the T.P.I. was again negative. Allowing for this, the incidence of presumed non-specific results with the S.T.S. is 29-7 per cent.
For comparison, the results of a similar analysis of the sera from pregnant women and blood donors are shown in Table IV. The remainder of the sera came from patients with a diversity of clinical conditions but the numbers were too small for analysis to be profitable.
It should be emphasized again that the sera in this group were selected, in the sense that the results of the S.T.S. were at variance with the clinical findings and the sera were submitted for the T.P.I. test for this reason. The figure of 29 7 per cent. presumed non-specific results with the S.T.S. is considerably higher than that found in the latent syphilis group of clinic patients (48 per cent. in untreated and 5-5 per cent. in treated patients). The latter figures, however, are much lower than that of 45-3 per cent. reported by Moore and Mohr (1952a) among treated and untreated patients in private practice, and that of 42 5 per cent. reported by Nelson (1953) in 496 untreated service personnel. Gate and others (1953) , in an analysis of collected material from French clinics, found 134 out of 493 patients (27 per cent.) with treated latent syphilis to have negative T.P.I. tests.
The results obtained in this group of sera have also been analysed to compare the T.P.I. results with those given by the four S.T.S. of the battery. The comparison is shown in Table V (opposite) .
If the T.P.I. results are again taken as a yardstick for the comparison, Table V shows that the order of specificity of the four S.T.S. is P.P.R. >* Standard W.R. > Kahn > Cardiolipin W.R. A comparison of sensitivity can also be made from those sera in which the individual S.T.S. and the T.P.I. were both positive. The relative order of sensitivity of the four tests is then Cardiolipin W.R. > Standard W.R. > Kahn > P.P.R. These relative orders of specificity and sensitivity of the four tests are those which had been arrived at on the basis of long practical experience with them with sera of known provenance.
It had long been suspected that the Cardiolipin Wassermann Reaction, while an extremely sensitive If the T.P.I. result is taken as an index of the specific nature of the reaction, it will be seen that the generalization cited above is true in the majority of cases. There is, however, a sufficiently large proportion of strongly reacting sera giving P.P.R. titres of 4 or higher, which in view of the negative T.P.I. are thought to be non-specific, to make undue reliance on the titre unwise. There have not been any reports of the prozone phenomenon in the T.P.I. test. A few sera which gave a negative T.P.I.
in the face of a P.P.R. of high titre have been examined by a quantitative technique to detect possible zoning; no evidence of this was found.
Group 2, " Exclusion " Sera.-This group consisted of 98 sera from 91 patients who had signs or symptoms which might be attributable to syphilis but whose S.T.S. gave negative or anomalous results. The comparative results are shown in Table VII which shows that there was agreement between the T.P.I. and S.T.S. in 59 sera and disagreement in thirty where comparisons could be made. In seventeen the T.P.I. was positive or doubtful while the S.T.S. were negative; three of these patients were old congenital syphilitics, three were the mothers of siblings of known congenital syphilitics, three were cases of clinical tabes, and two were coloured patients who gave a definite history of yaws in childhood. tlncludes five doubtful T.P.I. results.
Group 3, " Confirmatory" Sera.-This was a small group of 41 sera from 34 patients who either showed clinical evidence of syphilis or in whom the diagnosis had been made in the past and treatment given. Six sera were toxic, but in the 35 where comparison could be made between the S.T.S. and T.P.I., there was agreement in thirty and disagreement in five. The T.P.I. was negative in six sera; two from a patient with aortic incompetence who 151 group.bmj.com on June 22, 2017 -Published by http://sti.bmj.com/ Downloaded from had been treated for syphilis, one from a patient with treated secondary syphilis whose S.T.S. were still weakly positive, one from a treated contact whose marital partner had latent syphilis, and the remaining two from old treated cases. It will be seen that the T.P.I. was of little value in these cases, although, if positive, it may be of use as a means of retrospective confirmation of diagnosis in patients who have been treated for latent syphilis on the basis of positive S.T.S. alone.
Group 4, Conditions thought to give Non-Specific Reactions with the S.T.S.
Leprosy.-Twelve sera were examined from nine patients. The S.T.S. were positive in all (in one the complement-fixation reactions were anticomplementary). The T.P.I. was negative in seven patients and positive in two; one of the two was a coloured man who was known to have neurosyphilis, the other was a white man who showed no clinical evidence of syphilis.
Disseminated Lupus Erythematosus.-Nine sera were examined from seven patients. The S.T.S. were positive in six and negative in one while the T.P.I. was negative in all.
Acquired Haemolytic Anaemia.-Four sera were examined from three patients. The T.P.I. was negative in all and the S.T.S. positive in two, six previous specimens of this last patient's serum had given positive S.T.S. results.
Miscellaneous.-The T.P.I. was negative and the S.T.S. positive in one patient with sarcoidosis; one with anaemia, thrombocytopaenia, and splenic enlargement; one with leukaemia; and one with anaemia, splenomegaly, and achlorhydria. One patient with thrombocytopaenic purpura gave a positive T.P.I. and S.T.S.
Reproducibility of the Test
Tests were carried out on second specimens of sera from 46 patients to confirm the original T.P.I. result. In 41 cases the second test was in complete agreement with the first, in five there were minor discrepancies. The percentages of specific immobilization found on the two occasions were: 32 and 51 per cent., 40 and 76 per cent., 62 and 33 per cent., 40 and 20 per cent., and 44 and 12 per cent. In the last instance treatment had been given before the submission of the second specimen. It will be seen that these discrepancies were of only minor degree and in no case was there a reversal from a frank positive to negative or vice versa. Gate and others (1953) , in a combined study from several clinics in France, found 134 (27 per cent.) of 493 treated latent syphilitics with negative immobilization tests.
Other workers have found a much lower incidence: thus Magnuson and Thompson (1949) found only one negative T.P.I. in 106 patients with early latent syphilis and none in twenty cases of late latent syphilis; Miller and others (1952) found no T.P.I.-negative cases among 37 patients with early latent and only nine in 213 patients with late latent syphilis (these nine patients all had positive or weakly positive S.T.S.); Chacko (1953) Magnuson (1953) . Where the incidence of syphilis is high, most of the cases of "latent syphilis" will, in fact, have the disease, while in populations where the incidence is low, a higher proportion of non-specific reactions with the S.T.S. may be expected. The levels of specificity and sensitivity of the S.T.S. on which the original diagnosis was founded are obviously of paramount importance.
The work reported by Moore and Mohr (1952 a, b) , showing that the occurrence of non-specific reactions with the S.T.S. may be indicative of serious disease in some patients, has aroused wide interest. It has been established that diseases of the collagen group may be associated with persistent non-specific reactions with the S.T.S. in some patients; Haserick and Long (1952) have reported cases of disseminated lupus erythematosus in which such reactions preceded the manifestations of the disease by as much as 7 years. It would therefore seem desirable that special attention should be directed to patients showing such non-specific reactions, and that they should be investigated along the lines suggested by Moore and Mohr (1952a) and not discharged from observation once the clinician is satisfied that they are not suffering from syphilis. In the majority of patients no cause for the non-specific S.T.S. can be found and these patients still offer a challenging field for research.
Conclusions
On the basis of the sera personally studied and the reports of other workers, the field of use of the immobilization test in routine diagnostic serology can be summed up as follows:
(i) In early (primary and secondary) syphilis it offers no advantages over existing diagnostic methods.
